Purpose: To evaluate the usefulness of the applied freezing technique in putrefied brain for macroscopic investigation. Materials and methods: From October 2015 to September 2016, first the brains of 10 cadavers (control group: male 6, female 4, age 20-80 (mean 61.5), postmortem intervals (PMI) 14-75 (mean 29.7) days) were inspected following the standard practice (without freezing preparation), and then with 10 cadavers (freezing group: male 7, female 3, age 41-88 (mean 60.4), PMI 7-75 (mean 29.2) days) the freezing technique was used before the autopsy. The cut brain was investigated, and the gray-white matter difference was evaluated macroscopically. Results: In the control group, the brain parenchyma leaked out like sludge in 5, and there was difficulty maintaining its structure in 7. The gray-white matter difference was well visible in 3, but hard to distinguish in 3, and the total scores ranged from 0 to 9 (mean 4.4) points. In the freezing group, the entire putrefied brain was extracted as a solid organ, the gray-white matter differences were well visible, and the total scores were 6.7-9 (8.3) points. The gray-white matter difference was preserved in the freezing group (p < 0.05).
Background
One of the recent topics of interest in forensic medicine is postmortem CT [1, 2] , and it has been used for investigation of causes of death in many situations [3] [4] [5] [6] . Some causes of death could be evaluated mainly by postmortem CT, and its usefulness has been recognized in supporting autopsy investigation [7, 8] . On the other hand, postmortem CT has inherent limitations in the cases of specific causes of death [9] . Therefore it has been requested to compare its findings with those from toxicology and histopathological investigation [10, 11] . In specific instances, such as putrefaction (long postmortem term), the cadaver affords a limited sample for toxicological investigation and the histopathological examination also suffers limitations because of the organ deterioration. In putrefaction of the brain, the organ was destructed after extraction from the cranium, so that it had severe limitations, not only in macroscopic but also in histopathological investigation [12] .
In our recent report about an animal experiment, using freezing procedure prior to opening the cranium, the putrefied brain could be extracted and undergo cut surface investigation macroscopically [13] . Therefore, it is anticipated to be of use in cadaver autopsies.
In this report, we applied the freezing technique in autopsy scene for macroscopic investigation, and we also evaluated its usefulness comparing with the standard practice. 
Materials and method
This study was approved by our institutional ethics committee (No. . From October 2015 to September 2016, 20 putrefied cadavers (male 13, female 7, 20-88 (mean 61.0) y.o., 7-75 (mean 29.5) day postmortem interval (PMI)) were enrolled in this study. First the brains of 10 cadavers (designated as the control group) were inspected using standard practice (without freezing preparation), and the next 10 cadavers (designated as the freezing group) were used freezing technique before the autopsy. Two putrefied cadavers were excluded in this study, because of severe head trauma (n = 1), and severe encroaching (n = 1).
Before the autopsy examination, all cases were examined by CT using a 16-slice multi-detector CT scanner (Supria, Hitachi Corp., Tokyo). The scan parameters were as follows: 120 kV, 215 mA, 0.75 s/rotation, beam pitch 1.3125, collimation 1.25 Â 16, slice thickness 5.0 mm. The intra-cranial air density volume, intracranial volume (estimated as maximum brain volume), and percentage air density volume (% air) were evaluated using an image workstation (VINCENT, FujiFilm Tokyo). The equation for% air was:
% air = 100 ⁄ (intra-cranial air density volume)/(intra-cranial volume). The degree of putrefaction was also estimated as softened or liquefied [14] , equivalent as stage II or stage III in Watanabe's staging [12] , according to the CT image appearance.
Freezing procedure
In the freezing group, at least 14 h prior to the scheduled autopsy, dry-ice blocks (1 kg each) were placed at both sides and the dorsal part of the cadaver's head. Before the autopsy, postmortem CT imaging was repeated to confirm the brain freezing based on decreasing brain parenchymal CT density [15, 16] .
Sawing cranium and brain extraction
The standard skull opening procedure was used in the control group: having dissected the scalp, the skull was opened with an oscillating saw. If the brain parenchyma spilled out from the cranium, the sludge brain parenchyma was collected using a vat to measure its weight and to investigate it macroscopically.
In the freezing group, the sawing level was placed relatively close to orbit to make a wide operating space to extract the brain parenchyma. If the skin had become leathery due to a long postmortem interval, or the skin was hard to remove from the skull, the dissection of the skin was performed after sawing the skull. An additional saw was considered in particular situations, such as the brain tissue was attached to the inner surface of the cranium, or the brain tissue was intentionally dissected at the level of the tentorium cerebelli to extract the cerebellum separately from the cerebrum.
Macroscopic investigation and fixation
Extracted brains were investigated macroscopically. If the putrefied brain was destructed before formaldehyde fixation, a cut macroscopic inspection was employed. After the brain surface macroscopic investigation, the whole brain parenchyma was placed in a 7.4% diluted buffered formaldehyde fixative solution for 2 weeks at room temperature (20 degree Celsius). Because the softened or liquefied brain cannot be fixed only using 7.4% diluted buffered formaldehyde fixation, 24 h prior to the cut inspection, the whole brain was placed in a minus 5 Celsius freezer with the diluted formaldehyde fixative. Using this additional freezing technique, the putrefied brain can be handled like a solid organ, and at the same time the formaldehyde kept its liquid state because pure formaldehyde freezing point was minus 92 degree Celsius. After confirming the freezing of the brain parenchyma, the ideal cut could be employed for macroscopic investigation.
Statistical analysis
The male-to-female ratio, age, postmortem interval, brain volume, and% air were compared between two groups, statistically. To evaluate the cross gray-white matter appearance, a 4-point scale was employed: 3 points as clear, 2 as moderate, 1 as ambiguous, or 0 as poor. The data was scored by 3 observers (HH, KM, AS) independently, and the total score was used for statistical investigation. Variables were compared using the Chi-squared test, and a Mann-Whitney U Test using JMP (SAS Institute Inc., North California, USA, version 11.0.0) software. A P value of less than 0.05 was considered to indicate a statistically significant difference.
Results
The backgrounds of the groups were shown in the Table 1. In the control group, the causes of death were as follows; drowning (n = 4), cardiac infarction (n = 2), hemo-pericardium (n = 1), and unknown (n = 3). In the freezing group, the causes of death were as follows: drowning (n = 2), brain hemorrhage (n = 2), multiple organ failure (n = 1), drug poisoning (n = 1), hypo-nutrition (n = 1), cardiac infarction (n = 1), and unknown (n = 2). In statistical evaluation, there were no significant differences between two groups in male-to-female ratio, age, and PMI.
Postmortem CT
In the control group, intra-cranial air presented in all cases, and its volume range was 55.2-485.4 (mean 255.2) ml. The% air compared with intra-cranial volume ranged from 3.8 to 39.5 (mean 19.0)%. The brain parenchyma decreased in volume and those were estimated as softened, 7, and liquefied, 3. In the freezing group, all cases presented intra-cranial air, and the volume range was 153.1-681.6 (mean 423.3) ml, and the% air was 11.0-47.3 (mean 29.4)% (Fig. 1a) . The softened type was 3, and liquefied type was 7. Brain parenchymal density was 32.2-51.4 (mean 43.4) HU, and À6.6 to 23.1 (mean 3.6) HU after freezing preparation (Fig. 1b) . In statistical evaluation, there were no significant differences between two groups in the brain volume and% air.
Autopsy
In the control group, all brain parenchyma were separated from the inner-surface of the cranium. After opening the cranium, the brain parenchyma leaked out like sludge in 5, and there was difficulty maintaining its structure in 7. After cutting the parenchyma, the gray-white matter difference was well visible in 3, hard to distinguish in 3, and the total score was 0-9 (mean 4.4) points. In the freezing group, all putrefied brains were extracted as a solid organ. Because of its limitation of flexibility, the cerebellum was extracted separately from the cerebrum (Fig. 1c) . Two cases presented intra-cranial bleeding, and the distribution of bleeding (hematoma) was well visible in cut inspection (Fig. 1d) . The graywhite matter differences were well visible and the total score was 6.7-9 (8.3) points. In statistical evaluation, the gray-white matter difference was preserved in the freezing group (p < 0.05) (Fig. 2) . Kappa coefficients were from 0.745 to 0.414 (average 0.527), so that the strength of agreement was moderate.
Discussion
It is commonly accepted that putrefied tissue is hard to inspect, especially in brain parenchyma [17, 18] . There are a number of stages in the putrefaction of the brain: normal (discolored), softened, or pulpified (liquefied) [12, 19, 20] . Unfortunately, autopsy investigation was at a large disadvantage with a putrefied brain, because it seemed difficult to preserve a large portion of the brain anatomy coherency after it was extracted from the cranium [19] . According to the prior experimental evaluation, the putrefied brain could be frozen and it could be extracted from the head in bulk [13] . Sugimoto et al. [15] reported that the cadaver's brain was frozen using dry ice placed beside the cadaver's head, and the cerebellum could be removed from the putrefied body. They speculated that using an adequate freezing technique, the putrefied brain The hematoma is presented at the left cerebellar hemisphere. The adjacent cerebellar parenchyma presents hemoglobin staining. The gray-white matter is well visible, and the total macroscopic investigation score is 7 points. Fig. 2 . Gray-white matter difference macroscopic investigation total score (MannWhitney U Test). The freezing group presents better preservation for gray-white matter cut inspection compared to the conventional method in putrefied brain. *p < 0.05. might be extracted for autopsy inspection [15] . In this study, four steps method for macroscopic inspection of putrefied brain was used: the method of freezing the putrefied brain, the method of extracting the frozen brain, the method of buffered formaldehyde fixation of freezing brain, and the method of re-freezing, for cut macroscopic inspection. Using these techniques, putrefied brain can be inspected not only at the surface but also after adequate slice cut inspection, macroscopically. This is the first report of a procedure to freeze a cadaver's putrefied brain prior to the autopsy investigation, intentionally.
In this study, dry ice could be used to make the putrefied brain freeze. Because using dry ice could produce a temperature of minus 79 degree Celsius, and the temperature was similar to the experimental study [13] . Furthermore, our methods needed no specific equipment to induce freezing in the putrefied brain; it was simply required to place dry ice surrounding the head at least 14 h prior to the autopsy. Therefore, this method is very useful in practical investigation. Using this procedure, not only the putrefied brain but also loss of brain coherency, such as a brain bruise, could be evaluated macroscopically. Further study will be needed to confirm the usefulness of freezing preparation in autopsy investigation in many practical situations.
In the freezing group, depending on the putrefied brain or freezing effect, it is hard to extract the cerebellum in tandem with the cerebrum extraction. In that situation, an additional dissection should be considered within the cadaver cranium, such as separation at the level of cerebellar tentorium, and extraction of the cerebrum and cerebellum separately. Because the most interesting histopathological investigation specimen needs to be obtained as much as does the intact parenchyma, pre-autopsy planning is most important to achieve an ideal cause of death investigation. Thus, using postmortem CT prior the autopsy has an advantage for current cause of death investigation.
An intra-cranial lesion could be evaluated by imaging modalities, such as CT and MRI, even if the cadaver was in severe putrefaction. A general problem in PMCT and PMMRI of putrefied corpses seems to be the validation of possible relevant image findings at autopsy. This is due to loss of structural integrity after opening the skull, and the softened/liquefied brain tissue severely restrains any validation or confirmation by pathology [19] . But using this freezing method, the brain structural integrity remains, so that the surface macroscopic investigation is not difficult any more. In addition, the freezing brain parenchyma could be cut for macroscopic inspection in an ideal plane, so that the validation of possible relevant image findings can be evaluated without any difficulty macroscopically.
In this study, postmortem CT imaging was used to estimate degree of putrefaction and effectiveness of freezing technique. The intracranial free air was one of the key findings in putrefied brain, and the brain parenchymal structure could be used for either softened or liquefied brain parenchyma. The decreasing brain parenchymal density was used to assess the extent of freezing [11, 15] . The postmortem CT was the basis examination before the autopsy to select the freezing technique.
There were some limitations. First, the postmortem image was necessary to detect the intra-cranial putrefied brain condition. But if the brain was expected to be in a putrefied condition, and the brain macroscopic investigation is mandatory, the freezing preparation poses no risk of loss of anatomical information, Therefore it could be used prior to the autopsy investigation. Second, we didn't evaluate the ideal duration time for freezing brain parenchyma. According to the animal experiment, at least 14 h prior the autopsy was required for freezing preparation [13] . If the preparation time for freezing the brain could be shortened, it would be of greater benefit and more convenient. If another material, such as liquid nitrogen [21] were used, it might help to decrease the freezing preparation time. Third, there is no comparative evaluation for histopathological and/or immune-pathological effects in the case of putrefaction. The effects of postmortem period, degree of putrefaction, and freezing effect in histopathological and/or immunepathological examination will need further investigations.
In conclusion, freezing procedures to evaluate the putrefied brain for macroscopic investigation have been reported, which could be statistically more useful in putrefied brain investigation than the ordinary procedure. Using freezing preparation techniques, a brain lesion could be evaluated and the adjunct tissue change could be demonstrated. Postmortem CT can be useful to evaluate not only the degree of brain putrefaction, but also the degree of freezing in brain parenchyma. The freezing technique may introduce an objective investigation of putrefied brain in autopsy investigation.
